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Seventeen indigenous South African plants used in tra-
ditional medicine were screened for lectin-like proteins.
Plant agglutinins were isolated and partially purified
from different parts of fresh and dry plant material.
Hemagglutinating activity towards fresh and glutaralde-
hyde-treated rabbit erythrocytes was detected in thirteen
species. Sixteen sugars were analysed for carbohydrate-
binding specificity of agglutinins. Hemagglutinating
activity was mostly inhibited by melibiose and trehalose.
Relatively few inhibitions were detected with monosac-
charides. The present study indicates several new
hemagglutinins from indigenous plant species of South
Africa used in traditional medicine. A description of
some of the conditions for their detection and partial
purification is given. The possible contribution of lectin-
like proteins in the pharmacological effects observed for
medicinal plants is indicated.
Lectins are proteins that bind mono- and oligosaccharides
reversibly and specifically (Goldstein et al. 1980). Since the
first plant haemagglutinin was observed (Kocourek 1986)
hundreds of plant lectins have been purified and studied with
respect to their chemical and biological properties. Further
advances in lectin research demonstrated that these pro-
teins are ubiquitous in nature. They exist in all living organ-
isms being involved in carbohydrate-dependent recognition
events (Sharon and Lis 1989, 1995).
A number of biological functions are attributed to plant
lectins including symbiosis, plant defence, sexual reproduc-
tion, growth and development and transport of carbohy-
drates (Etzler 1986, Peumans and Van Damme 1995,
Ruediger 1998). Based on their ability to bind sugar-bearing
structures several biological effects mediated by plant
lectins have been observed. Some of these effects such as
agglutination of different types of cells/substances and mito-
genic stimulation of lymphocytes triggered the use of plant
lectins for analytical and clinical purposes (Lis and Sharon
1986, Gabius and Gabius 1993, Danguy et al. 1998). Since
then, much attention has been focused on revealing their
clinically useful chemical and biological properties.
During the last decade the rich flora of South Africa has
been widely screened for different kinds of biologically active
compounds and much success was achieved in this field
(Kelmanson et al. 2000, McGaw et al. 2000, Zschocke et al.
2000). However, so far no attempt was made to elucidate
lectin-like proteins from traditional medicinal plants in
respect of their potency for clinical application. The present
paper describes plant agglutinins from indigenous plant
species of South Africa that are characterised as medicinal
plants and used in traditional healing.
Materials and Methods
Plant material
Siphonochilus aethiopicus, Hypoxis hemerocallidea, Bowiea
volubilis and Eucomis autumnalis were grown in the
University of Natal Botanical Garden under shade house
conditions. Combretum mkuzense and Cenchrus ciliaris
material was collected from the wild, dried in an oven at
50°C and stored at room temperature in brown paper bags
in the dark until extraction. All other plants were grown in
open ground and collected in May–June 2000 (late autumn)
(Table 1).
Extraction and partial purification of lectin-like proteins
All plant material except that of Combretum mkuzense and
Cenchrus ciliaris were used fresh. Two to five grams of
ground seed or dry plant material were subjected to
homogenisation at the (w/v) ratio of 1 to 5. Twenty grams of
soft plant tissues (roots, bulbs, rhizomes) were cut into small
pieces and homogenised in an Ultra-Turax T-25 blender at 8
000rpm min-1 at the ratio of 1 to 3 (w/v) in Phosphate
Buffered Saline (PBS) containing 0.15M NaCl, 40mM
KH2PO4 (pH 7.4). After homogenisation the extracts were
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placed on a magnetic stirrer and extraction was carried out
for a further 30min. Homogenisation and extraction were
conducted in ice-cold conditions. Plant extracts were filtered
through two layers of cheesecloth and centrifuged at 4 000g
for 10min. The supernatant was decanted and salted out
using solid ammonium sulphate to give 80% (w/v) final sat-
uration. Saturation was maintained for 30–40min at 4°C and
the extract centrifuged at 10 000g for 10min. The super-
natant was discarded and the precipitate was dissolved in
lectin buffer containing 1mM MgCl2, 1mM CaCl2, 0.15M
NaCl, 40mM KH2PO4 (pH 7.4) at the ratio of 1 to 2 (w/v).
Thereafter the extract was centrifuged again at 14 000rpm
(Sigma 201 M centrifuge) for 10min and the clear super-
natant loaded onto a column of Sephadex G-25 (Pharmacia)
with embedded glutaraldehyde-treated erythrocytes. The
column was equilibrated with the lectin buffer. After loading
of an extract the column was washed with 50ml of lectin
buffer. The bound proteins were eluted with 0.2M glycin/HCl
(pH 2.5) buffer and dialysed using dialysis tubing (Sigma,
molecular weight cut-off 12 kDa) against a 50 times volume
of lectin buffer at 10°C overnight. The dialysate was con-
centrated by embedding the dialysis tubing into the
Sephadex G-200. The concentration procedure was contin-
ued for 3h at 4°C. Thereafter the protein solution was cen-
trifuged at 14 000rpm (Sigma 201 M centrifuge) for 7min.
The supernatant was tested for haemagglutination activity
and stored at -20°C.
Haemagglutination and hapten-inhibition assays
Lectin-like proteins were detected by agglutination of
trypsin-treated fresh as well as glutaraldehyde-treated rabbit
erythrocytes according to the method of Lis and Sharon
(1972).
Freshly collected erythrocytes were digested with trypsin
(Sigma) for 1h. After treatment with trypsin the cells were
washed four times with saline (0.9% NaCl) and were diluted
with PBS to produce a 2% suspension. Agglutination assays
were carried out in 96 U-well microtiter plates with a two-fold
serial dilution of protein solution to a final volume of 150μl.
Agglutination was assessed visually after 1h at room tem-
perature.
Carbohydrate-binding specificity of lectin-like proteins was
determined by the hapten-inhibition technique (Lloyd et al.
1969). The following mono- and disaccharides were tested
for inhibition of agglutination of trypsin-treated rabbit ery-
throcytes: D(+) glucose, D(-) fructose, maltose, lactose, D(+)
mannose, D(+) galactose, L(+) rhamnose, DL-arabinose, D-
galacturonic acid, N-acetyl glucosamine, N-acetyl galac-
tosamine, L-fucose, cellobiose, D(+) trehalose, raffinose,
melibiose. Inhibition assays were carried out in 96 U-well
microtiter plates. To 50μl aliquots of serially diluted stock
solutions of sugar 50μl of agglutinin solution (at Specific
Activity concentration) was added. After preincubation for
15min at room temperature 50μl of a 2% suspension of
trypsin-treated rabbit erythrocytes was added. Agglutination
was evaluated visually after 1h.
Preparation of erythrocyte-Sephadex G25
A four percent cell suspension of trypsin-treated erythro-
cytes was made with 2.5%glutaraldehyde in PBS and incu-
bated at room temperature for 5h with moderate shaking.
The cells were then washed four times with 1M glycine in
PBS and three times in PBS. The pellet of glutaraldehyde-
treated erythrocytes was resuspended with an equal volume
of PBS and gently mixed with imbibed Sepadex G25, there-
after the suspension was poured into a column (1.5cm i.d. x
10cm). The column was washed with 50ml of 0.1M
glycine/HCl pH 2.5 and equilibrated with PBS.
Plant name Family Plant part C mg ml-1 SA
Agapanthus praecox Willd Alliaceae Rhizome 15.1 6.3
Bowiea volubilis Harv.ex Hook.f Hyancinthaceae Bulb n/d –
Bulbine frutescens L Asphodelaceae (Liliaceae) Seed 4.6 55.6
Cenchrus ciliaris L Poaceae (Graminae) Root 21.6 0.3
Combretum mkuzense Loeff Combretaceae Bark 9.3 27.5
Crinum moorei Hook. f Amaryllidaceae Bulb 6.6 7.2
Crinum moorei Hook. f Amaryllidaceae Root 3.2 15.0
Drimia robusta Bak Hyancinthaceae (Liliaceae) Bulb 19.9 1.2
Erythrina lysistemon Hutch Papilionaceae Bark n/d –
Eucomis autumnalis Mill Hyancinthaceae Bulb 67.5 3.8
Eulophia petersii Reichb.f Orchidaceae Bulb n/d –
Gloriosa superba L Colchicaceae (Liliaceae) Fruit 3.4 56.4
Hypoxis hemerocallidea Fisch & Mey Hypoxidaceae Rhizome 4.9 78.3
Kniphofia spp. Moench Asphodelaceae (Liliaceae) Rhizome 0.4 15 360
Ornithogalum longibracteatum L Hyancinthaceae (Liliaceae) Bulb n/d –
Scilla natalensis Planch Hyancinthaceae (Liliaceae) Bulb 4.4 0.9
Siphonochilus aethiopicus Schweinf Zingiberaceae Rhizome 56.0 0.2
Tulbaghia violacea Harv. Alliaceae (Liliaceae) Bulb, Root 1.8 3 321
C = minimal concentration of protein which causes visible agglutination; T-1 SA = specific activity after fractionation with ammonium sulphate
measured as T-1 x C-1; n/d = no agglutination detected
Table 1: Screening of South African plants for hemagglutinins and the activities of lectin-like proteins after fractionation with ammonium
sulphate
Plant extracted Major binding specificity Inhibitory concentration (mM)1 Relative inhibitory potency2
Agapanthus praecox Melibiose 200 D(+) Trehalose 
Bulbine frutescens D(+) Trehalose 25 Cellobiose>Lactose>Melibiose
Cenchrus ciliaris D(+) Trehalose 100 D(+) Galactose; D-Fructose
Combretum mkuzense Melibiose 50 D(+) Trehalose; D(+) Galactose
Crinum moorei (bulb) Melibiose 200 D(+) Trehalose
Crinum moorei (roots) Melibiose 50 D(+) Trehalose
Drimia robusta Melibiose 200 D(+) Trehalose>DL Arabinose; D Fructose
Eucomis autumnalis n/d – n/d
Gloriosa superba D(+) Trehalose 100 Melibiose; D(+) Galactose
Hypoxis hemerocallidea Melibiose 25 D(+) Galactose
Kniphofia spp. Melibiose 25 D(+) Trehalose
Scilla natalensis DL Arabinose 100 D Fructose>D(+) Trehalose; Lactose
Siphonochilus aethiopicus Melibiose 25 DL-Arabinose>D(+)Galactose
Tulbaghia violacea D(+) Trehalose 100 Lactose>Cellobiose
1 Concentrations of sugars required for 100% inhibition of agglutination; 2 Sugars that had an effect on agglutination at more than 200mM
sugar concentration; > increased binding
Table 2: Sugar-binding specificity of plant hemagglutinins after chromatography on Sephadex G25
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Protein estimation
Proteins were determined by the method of Bradford (1976)
using bovine serum albumin as a standard.
Results
Isolation and partial purification of agglutinins
Isolation of lectin-like proteins generally begins with a saline
or buffer extraction of the homogenised fresh plant tissues
or the finely ground meal. For extraction, phosphate-
buffered saline of neutral pH (7.4) was preferred and no pre-
extraction with organic solvents was performed. The same
extraction solutions and purification procedures were
applied to all plant material. Total soluble proteins were suc-
cessfully isolated from all plant tissues by extraction in PBS
and further fractionation with ammonium sulfate at 80% of
final saturation. The amount of total proteins varied from 2 to
50mg depending on plant species and tissues used.
After fractionation with ammonium sulphate all protein
extracts except those from Ornithogalum longibracteatum,
Erythrina lysistemon, Bowiea volubilis and Eulophia petersii
yielded hemagglutinating activity. Highest activity was detect-
ed in the crude protein extracts of Kniphofia spp. and
Tulbaghia violacea at the minimal concentrations of 0.4μg ml-1
and 1.8μg ml-1 respectively (Table 1). Protein extracts from
Scilla natalensis, Eucomis autumnalis and Agapanthus
praecox revealed strong hemolytic activity towards fresh
rabbit erythrocytes. However, hemagglutinating activity was
detected when glutaraldehyde-treated erythrocytes were
used for the agglutination assay. All proteins applied to the
Sephadex G25 — erythrocyte column bound to glutaralde-
hyde-treated erythrocytes. After chromatography the ratio of
agglutination titer to protein concentration of the protein frac-
tions was increased 15–100 times. In contrast, no bound
proteins were eluted from Ornithogalum longibracteatum,
Erythrina lysistemon, Bowiea volubilis, Eulophia petersii by
the Sephadex G25 — erythrocyte column using glycin/HCl
(pH 2.5) buffer.
All agglutinins except from Hypoxis hemerocallidea
revealed stable hemagglutinating activity after storage at
-20°C. Moreover, after freezing, the amount of agglutinins in
the total protein fractions of Kniphofia spp. and Tulbaghia
violacea did not decrease (data not shown). Hence, freezing
may be introduced as a supplementary procedure for further
purification of these particular agglutinins.
Thermostability was detected also in the case of the dry
plant material. Obviously, drying at 50°C did not affect the
hemagglutination properties of proteins from Combretum
mkuzense and Cenchrus ciliaris which yielded an aggluti-
nating activity at the 9.3 and 21.6μg ml-1 concentrations of
crude protein fractions respectively.
Carbohydrate-binding specificity of lectin-like proteins
Hapten-inhibition assays with a range of mono- and disac-
charides showed that the hemagglutinating activity of most
agglutinins was exclusively inhibited by the disaccharides
melibiose and trehalose (Table 2). Agglutinins from different
plant species revealed different binding potency towards
sugar haptens. For Bulbine frutescens, Siphonochilus
aethiopicus, Hypoxis hemerocallidea and Kniphofia spp.
agglutinins the nominal hapten concentration was sufficient-
ly low and did not exceed 25mM. For other species 100%
inhibition was observed only at 200mM of hapten concen-
tration.
Complete inhibition by monosaccharides was observed
only with Tulbaghia violacea and Scilla natalensis that was
inhibited by 200mM lactose along with major inhibition by
D(+) trehalose and 100mM arabinose respectively.
However, the erythrocyte-binding capacity of agglutinins
from Bulbine frutescens, Gloriosa superba, Siphonochilus
aethiopicus, Hypoxis hemerocallidea, Drimia robusta,
Combretum mkuzense and Cenchrus ciliaris were reduced
in the presence of a range of monosaccharides at a con-
centration 200mM. Interestingly no inhibition with mono-
and disaccharides was observed in the case of Eucomis
autumnalis.
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Discussion
All plant species analysed for lectin-like proteins showed
considerable levels of these proteins. Purification was, how-
ever, only performed partially and not specifically according
the sugar-binding properties of particular agglutinins.
Glutaraldehyde-treated erythrocytes were initially intro-
duced for agglutination tests as they are more stable toward
hemolysis (Nowak and Barondes 1975). This was positive-
ly demonstrated for Scilla natalensis, Eucomis autumnalis
and Agapanthus praecox agglutinins with clear hemolytic
features towards fresh erythrocytes. Further application of
glutaraldehyde-treated erythrocytes as a supplement of the
solid-phase adsorbent Sephadex G25, enhanced its bind-
ing capacity towards hemagglutinins with unknown sugar-
binding specificity. Though the erythrocyte-binding capacity
of proteins from different plant species varied, this resulted
in partial purification of proteins. Consequently, the specific
activity of lectin-like protein fractions was increased suffi-
ciently.
Sugar-binding studies clearly showed that most agglu-
tinins bind disaccharides in preference to monosaccharides,
indicating the more complex binding sites of these lectin-like
proteins. Interestingly, most of the agglutinins readily bound
melibiose, occurring only in plant tissues. This indicates the
presence of the naturally binding agents in plants. However,
the results obtained do not serve as a definitive indication of
the precise group-specificity of particular agglutinins. As is
shown in Table 2, specificity of some agglutinins from differ-
ent species are associated with the Glucose/Mannose group
as well as GalNAac/Gal group of sugars. This may indicate
the presence of more than one agglutinin in a particular
species.
For most plants screened lectin-like proteins were detect-
ed in both crude and in partially purified protein fractions.
Most of these plant hemagglutinins have not been screened
before. However, two lectins from Scilla campanulata with
mannose-binding specificity were recently reported (Wood
et al. 1999, Wright et al. 1999). No agglutinins were found in
fresh bark tissues of Erythrina lysistemon. However,
absence of agglutination does not always mean that lectins
are not present. A number of authors reported structural
studies and carbohydrate-binding specificity of some other
species and tissues of Erythrina (Lis and Sharon 1987,
Moreno et al. 1997, Elgavish and Shaanan 1998). In this
context agglutinating abilities and carbohydrate-binding
specificity of lectins often varies and much depends on par-
ticular plant species and tissues, their collection times and
the purification techniques used.
The present study for the screening of lectin-like proteins
provides new data about the existence of these proteins in
indigenous South African plants. Their appearance mostly in
bulbs and rhizomes and their specificity to similar sugar
residues, that naturally occur in plant tissues, indicates the
physiological functioning of lectins in storage parts of plants
(Etzler 1986, Peumans and Van Damme 1995, Ruediger
1998). However, interesting speculations arise as to their
occurrence and usefulness in plant species that are widely
used in traditional medicine. The usage of plant storage
parts, in dry or fresh form, by traditional healers coincide
with the existence and activity of lectin-like proteins in dry
tissues. Their thermostability towards heat and freezing
might indicate the involvement of these compounds in vari-
ous pharmacological effects associated with medicinal
plants used in traditional healing.
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